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of them had been obliterated at the time of the writer’s
visit.

On the other hand, the effect on the underground
water conditions proves that there was movement in the
rocks of this area attending the earthquake, and strongly
suggests that there was movement along this old fault
plane. As shown in the Birmingham geologic folio,

ublished by the United States Geologic.zi Survey, this
ault passes approximately through the center of Iron-
dale. Practicn.hy all the wells along the eastern end of
the fault, as shown on that map, either went dry or the
water level in them was materially lowered. Most of
the wells which went dry are located one block south of
the fault line on a slight elevation, as compared with
the others in town. Within a block five wells, runging
from 35 to 40 feet deep, went dry, whereas the sixth iu
the row which was only 14 feet deep did not. Two
other wells, probably along the eastern extension of tnis
fault or near it went dry. One is a few hundred yards
east of the center SE. } see. 29, T. 17 S,, R. 1 W_, 4 miles
east of Irondale; it was 28 feet deep and had 7 feet of
water in it before the earthquake. The second well is
200 yards east of center of W. line of SW. 1 sec. 19, T. 17
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S., R. 1 W.; it was 47} feet deep and had produced water
for two years before the earthquake. After the well
weunt dry it was found to have a crack 13 inches wide
crossing its bottom in the direction N. 33° E. This
erack, which did not show at the surface or in the upper
part of the well, has been followed downward in deepen-
irg the well about 30 fect. The well is still dry in spite
of its inereased depth and the crack still shows in the
hottom of the well.

Conclusions.—The direction of movement, the intensity
of the shock, and the effect upon the underground water
near Irondeale, suggest that the locus of the disturbance
which produced the earthquake was along the Red Gap
fault, which runs through Irondale; and that the move-
ment along this fault was horizontal rather than vertical.
Had the movement along this fault been wvertical the
direction of the resultant vibrations would have been at
right angles to the line of fault, or approximately north
and south, instead of east and west as it was found to be.
The occurrence of the fissure in the well described above
may be the result of this horizontal or torsional move-
ment.

SEISMOLOGICAL REPORTS FOB DECEMBER, 1916.

W. J. HumrHREYS, Professor in Charge.

[Dat~d: Weather Bureag, Washington, D. C., Dec. 1, 1916.)

TABLE 1.— Noninstrumenlal carthquake reports, December, 1916.

. N
Apprgxi- ; \ . ! !
mate Approxi- el
H Approxi- Intensity | !
Day. éll'!;;(;;- Station. mate lr(’)?;f- Rossi- 07;:‘11\?35:; g’gf‘ Sounds. Kemarks. | Observer.
wich Iatitude. | o, & Forel
Civil. i . i
| i |
SO ! ! -
ARIZONA. !
1916. H. m. A .
Dec.12] 12 45| Fort Apache. . 33 47| 109 55 H 1] 0 3| Rumbling.....| ceeouii i iiiiriniieanen J. C. F. Tillson, jr.
12 45| Henry's Cam 33 41 109 48 5 1 Awakened people............. Q. J. Henry.
12 45 | Holbrook..... 34 34 110 08 5 1] 151 Nomeeeeieeed it e ietec i im e Thorwald Larson.
12 45| Lakeside.... 34 06! 109 59 -5 1l 60] None..........] Digshesrattled................. T. H. Owens.
12 45 | Pinedale.... . 3 19 110 15 5 2 I T B 1 - F.. Thomas, ir.
12 43 { Piato..... 35 03] 1M 38 5 1 5] Rumbling... ...| Mrs. Celia Henning.
12 45 | Shumway . 34 26 110 04 5 1 3 1+ Humbling... ..| F. R. Wigely.
12 45 | Snowflake... 34 33| 110 w 4 | 38 (R Non Awakened people.. ..i W.J. Flake.
12 45| St. Michaels 35 38! 10 05 4 | I T Rumbling Some plaster crucke .| St. Michaels Schaol.
12 45 | Thatcher..... 32 50| 100 47 3 1 20 | Nonv..... T. C. Snow.
CALIFORNIA. :
1 22 30| San Luis Obispo.....] 35 I8! 120 39 7 1 0 S| Bumbling. Plasterfall..........c.ooaie U. 8. Weather Bureau.
22 50 | Santa Maria.......... 34 38) 120 28 3 | I DY T P Y Walter White.
ki 18 55| Calexico.............. 32 40§ 115 28 5 I P Rumbling...... oo e F. R. Spencer.
71 20 30| Bishop.... 37 21| 18 22 3 2 B | NODM. ooerinnfeceaneeeisveansananseerneennan E. L. Herzinger.
H 20 45| Calexico.............. 32 40| 115 28 3 Lioeiaiae. Rumbling-....foeoioriiiiiniiiniiiiiiaieieanas F. R. 8pencer.
18 19 30 | Calexico.............. 32 40§ 115 28 2 Pl . Rumbling.... . cceceieiiiiiinen e, F. R. Bpeneer.
KENTUCKY. '
19 5 42| Hickman............ 36 35 59 mf 56 2i .......... Rumbling..... Bricksshaken from chimneys. .| J. C. Sexton.
r )
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TABLE 2.—Instrumental sctsmological reports, December, 1916.
[T'ime nsed: Mean dreenwich, midnight to midnight., Nomenclature: International.]
(For significance of symbols see this REVIEW, January, 1914, p. 39.]
o B e e e e e e
; i i | Amplitude. I, l ' ! I ! Amplitude. !
vate. | 4258 Phase. | Time. ; Feriod | === tase|  Memarks Dage, [Cbarac, Phaso., Time, | Fefiod | Dl | Remarks.

' An | An i { An | An

[ f ! I | I A Rl ol A
Alaska. Sitka.  Magnetic Observatory. U. 8. Coast and Geodetic Sur- Colorado. Denver. Sacred Heart College. Earthquake Station.

vey. J. W. Green. A.W. Forstall, S. J.
Lat., 37° 03’ 00’ N.; long., 135° 20’ 06’ W. Elevation, 15.2 meters,
Lat., 59° 407 36 N.: long.. 104° 56" 31 \W. i€levation, 1.635 meters.
Instruments: Two Bosch-Omuori, 10 and 12 kg.
T Istrament: Wiechert 80 kg.. aseatic, horizoutal pendulun.,
mstrumental constants: JE 10 106
Instrumental cobistants: {\ 10 154 Instrumental constanes ...
(No earthquake recorded during December, 1916.) .
o ________‘_q__ _ ) ) _g - ) (No earthquakes observed during December, 1916.)

Arizona. Tucson. llaqnenc Observalorz/ U. S. Coa.st and ('eodetm o - _. - e e e

F. P. Ulrich.
loag., 110° 50° 06 W.

Survey.
Lat., 32° 14 48 N.; Klevation, 789.6 meters.

Instruments: Twe Boseh-Omori, 10 and 12 kg.

1 Ty
E 10 13 ]
N 10 19.1

Instrumental constants:

| Earthquake in enst-
: e Arizons.

Gali.fornia. Berkeley I.anerstty of C’ahforma
Lat.. 37° 52’ 16”" N., long., 122° 15° 37"’ W. Elevation, 85.4 meters.

(See Bulletin of the Se;\smographlc Stations, Umversxty of California.)

Cahfomm.
Lat., 37° 20 24” N.:

Mount Huamilion. Lick Obsen-atory.
long., 121° 3%’ 34/ W. Elevation, 1,281.7 mefers.

(See Bulletin of the Seismographic Stations, University of California.)

F. J. Dick.

Elevation, 91.4 maters.

California. Point Loma.
Lat., 32° 43’ 03"

Raje Yogu Academny.
15 10” W,

Instrument: Two-component, (*. D. West suismoscope.

N.; long., 117°

[
*

.| *450
300

-| *100
100
290
2| *200
2| 200
.| #100
#50
*#200

Tremors during 24
hours preceding 15h
on rinles given.

*.'\mplitudc-.s on instrument.

I"mrrrmtu r)f Sania Clara. J S Rl(.ard S. J
i long., 121° 577 03”7 W,

Cahiornla. Santa Clara.

Lat,, 37° 26’ 36°° N. Flevation, 27.413 meters.

(See record of the Sexsmngraph.lc Station, University of Santa Clara.)

District of Columbia. Washington. U. S. Weather Bureau.

Lmt., 38°, 534’ 12 N.; long., 77° 03" (3 W. Klevation, 21 meters,

Instrument: Marvin (vertical pendulum., undamped. Mechanical registratjon.

v T
Lnstrumeutal constants..110 6.4

H.m. 3.
1703 40 ]...
Jq 17 12 42
17 26 00 |.
17 33 30
.} 18 00 00

9 34 42
943081,
058 10 |..
10 05 N

1020 F in microseism=,

District of Columbia. Washington. Georgetown University.

F. I.. Tondorf. S. J.

Lat., 38° 51" 25" N.: long., 77° 0¥ 24" W. Elevation, 42.1 meiers, Subsoil: decayed
diorite.

Instruments: Wiechert 200 kg., astatie, horizontal pendulims; S0 kg., vertiesl.

Astatic pendulums after Mainka, 130 kg.

v T

E 1656 5.4

Instrumental constants:idN 143 3.2
Z 80 3.0

SO

i Heavy microveisms
due to wind. No
distinet mavimmm

i Heavy wind mark-
ings.  No ristioet
maximim. i lost
in wind markings.
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TABLE 2.—Instrumental sewmolagtcal reports December, 1916—Continued.

| lAm plltude. !

! i
Chsrao- v Period Dis- .
Date. 'Phase Time. (oo, ! ] tance.! Remarks.
i \ + Az i An i |
L TR
Hawaii. Homolulu. Magmlzc Observatory. U. 8. Coast and Geodetic

Survey. Frank Neumann.

Fat., 21° 19 12 N.; long., 158° 0% '\, Elevation, 15.2 mejers,

Instrnmen(: Milne seismograph of the ‘Pl\“"l]ﬂ"l( cal Committee of the British Aso

T
Instrument constant .. INGA

19105,
Der

f Merely o Lroadening
of the line.

o Protaddy ajrtremor-,

* Trace amplitude.

Kansas. Lavrence. University of Kansas. Department of Physics
and Astronomy. F. E. Kester.

Lat., 387 57" 30’ N.; long., 95° 14' 58" W. Elavatiou, 301.1 meters.

Instrument: Wiechert.

Instrumental constants. . .. II:'%; g

P
LY Y

(Report for December, 1916, not received.)

Maryland. Chelienham. Mognetic Observatory. U. 8. Coast and Geo-

detic Survey. George Hartnell.
Lat., 38° 44/ 00" N;

iong.. 76° 50’ 30" W, Klevation, 71.6 meters.

Instruments: Two Bosch-Omori, 10 and 12 kg.

V T

. E 10 32
Instrumental constants, . N 10 27

(No earthquake recorded dunng December, 1916.)

1 i N Amplitude.
Date. c’:::f"".‘ Phase.| Time. P%ﬂ_"d | tg;. Remarks.
{ : i Az | Ax
! l I i |
Massachusetts. Cwmbridge. Harvard Unicersity Seismographir Station,

J. B. Woodworth,

Jong., 71° O’ 39 W. Flevation, 5.4 meters.
sand over clay.

Lat.. 12° 22° 36" N.; Foundation, glacial

Instruments: 7T wo Boseh-Omori 100 kg. horizontal pendulums (mechanical registration ).

. V T el
Instrumental constants..{;‘r gg g 4:'1'

{The_records from Harvard University are several months behind
and will appear in ‘‘Table 3.—Late reports,”’ as rapidly as they are
measured. )

St. fou'ue Lnuarszh/
J. B. Goesse. 8. J.

Lat.. 38° 38’ 15”7 N.; long., %)° 1% 55’ W. Elevatiou. 1.4 meters. Foundation: 12 feet
of tough v]av over limestone of Misxissippi system, about 300 feet thiek.

Saint Lowis.
tory.

Missouri. Geophysmal Observas

Instruments: Wiechert 80 kg. ustatic, horizontal pendulum.

¥V Te el
1

[ B
Insurvmental constants.. 80 7 &:

(Repoﬂ for December, 1916, not received.)

New York Bul]alo

L.at., 42° 53' 02" N.;

Canisius Coliege. John A. Curtin, 8,7,

long., 78° 52’ 0 W. Elevation. 190.5 meters,
Instrument: Wiechert 80 kg. horizvntal.
V Te el
Instrumental constants.. 80 7 5:1

(Report for December, 1916, not received.)

New York. Fordkam. Fordkam University. W. C. Repetti, S. J.
Lat., 40° 51’ 477 N.: long., 73° 53’ 08" W. Elevation, 23.9 meters.

Instrument: Weichert, Sf)k;z.

Te ¢
instrumental const.mta..{f; ;;, gé ;l,g}

(Report for December, 1916, not received.)

New York. Ithaca. Cornell Universily.
Lat., 42° 26° 55" N.; long., 76° 20’ 09" W

Heinrich Ries.
Elevation, 242.6 meters.
Instruments: Two Bosch-Omorf, 25 kgm., horizontal pendulums (mechanical regis-

tration).
M g 4:1
Instrumental constants. . N 14 95 41
1016. !
Dec. 24||

Panama Canal Zone. Balboa Hﬂ,ghls
Lat., 8° 57’ 38" N.; long., 79° 33’ 20" W.

Isthmian Canal Commission.
Elevation, 27.6 meters.
Instruments: Two Bosch-Omori, 100 kg.

V To
10 20.

Instrumental constants..

H. m, 8.

345 40 Direction? Phases
3 46 04 indistinet on N-8,
346 10 maximum ampli-

tude 10x.
Direction?

Kottt
sxnay
8588%




TaBLE 2.—Instrumental seismological reports, December, 1916—Concld.

ter Remarks.

| A | Ax

|

Date. gm““‘" Phase.l Time.
! i
f !

Porto Rico. Vieques. Magnetic Observatory. . 8. Coast and Geodetic
Survey. F.L. Adams.

Lat.. 18° 09’ N.; long., 65° 27° W. Elevation, 19.8 meters.

Instruments: Two Bosch-Omori.

vV T,
10 18.0

Instrumental consl-ants..{ﬁ 10 19.5

1016. | H.m, s | Sec.
Dee. 23 9 32 08 [ 3 I
9 32 30 3
33 09
43 00 : No long waves ap-
56 00 ! parenton E-W.
00 00
25 00 |-
Vermont. Northfield. U. S. Weather Bureau. Wi, A. Shaw,
Lat., 44° 10’ N.; long., 72° 41' W. Elevation, 256 meters.
Instruments: Two Bosch-Omori, mechanicsl registration.
V T
Instrumental copstants. . 113 {g }g
e D
Dec. 14 | I Jl73500........ lereens Ll Lo | Very feeble record.
ot Moo t 17 40 00 ' ; ! | Phases Indiscern-
! l i . i I ible.
i ; i ! i 1
Canada. Ottawa. Dominion Astronomiral Observatory. Earthquake

Otto Klotz.

Lat,, 45° 23 38" N.; long., 75° 42’ 57 W, [Elevation, 83 meters.

Instruments: Two Bosch ph otogrnpblc horizonta] pendulums, one Spindler & Hoyer
80 kg. vertical seismograph.

Station.

Vv T
Instrumental constants: 120 26

1916,
Dec, microseisms

much on

Strong microseisms
prevail.

-- . qF masked by micro-
! : seisms,

O=time at origin.

Canada. Toronto. Dominion Meleorological Sernice.

Lat., 43° 40’ 01" N.; Iong., 79° 23’ 54"' W, lElevatlon, 113.7 meters. Subsoil: Sand and
clay.

Instrument: Milne horizontal pendulum, North. In the meridian.
. T
Instrumental constant. . 18.. Pillar deviation, 1| mm., swing of boom=0.50"".

(Report for December, 1916, not received.}

Canada. Fictorin, B. (". Dominion Meteorological Service.

Lat., 48° 24’ N.; long., 123° 19’ W. [Elevation, 67.7 meters. Bubsoil: Rock.
Tnstrument: Wiechert, vertical: Milne horizontal pendulum, North. In the meridian.

T
Instrumental constant.. 18°. Pillar deviation, 1 mm., swing of boom=-0.54"".

(Report for December, 1916, not received.}
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TABLE 3.—Late seismological reports. (Instrumental.)
ll : { ' éAmplltude.i
Date. ‘Cl%::_“'{ Phnse.{ Time. IP %l_odi ' |t.?x§:-e Remarks.
T e

Hawaii. Honolulu. Magnetic Observatory. U. 8. Coast and Geodetic
Survey. Frank Neumann.
Lat., 21° 19" 12" N.: long., 154" 037 42* W. Flevation, 15.2 meters.

Instruments: Mine seismograph of the Seismological Committee of the British Assncia.
tio

1914, :
Nov., 3{........!

Phases uncertain,

..-| Phases not distinct.

........ Merely a broadening
of the line.
6381
6 41 00
6 53 5
6 57 12 ;
70500 -
S5500
2 50 3
308 M
in
315
318
b P..... 4195 e e
: L..... 4 33 0N | R P R SO
M..... 145 48 | 200 ... ...
F..... 45100 [cooenaafenand)oieni]oanan
2. | PR |13 22 00 Phases doubtlul on
M..... 122336 account of {rregular
Coooonl 13 32 12 motion of paper.
b7 I I L..... 2220 24 {ooovennidennddni i Merely a broadening
. C...... P 1) 2 (R PR R S of the line.
1
14
445 .e-

© Trace smplitude.
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TaBLE 3.—Late seismological reports. (Instrumental)—Concluded.
, -
' . | Amplitude. ‘
Date. Cht::‘_“" Phase.| Time. | °1r\'_°d = t&;_l Remarks.
i X | Az | Ax ! |

Massachusetts. Cambridge. Horvard Universily Seismographic Siation.

[J. B. Woodworth temporarily sbsent. Rceords interpreterd and pwasured by the
7. &, Weather Beraau.j

Lat., 42° 22' 38" N.; loug., 71° %' 539" W. Elevation, 5.4 meters,
sand over cluy.

Fonndation: ¢lacial

Instruments: Two Bosch-Omori 100 kg. horizemital pendnlums (mechuniend registration,

VT oel
Tustrutental ('uusl:uu-,..{:l;-j :)3 ,f,,-{' _':']'
; - - R
1916, i I Homa ! Ste. ' w & |Km.
June 2|........ | Po.... 0 1405401 .. ... e 3,160
! PRe..| 14 06 34
' S... 14 10 37
!
i .. F in microseisms.
[ 2 PR I ....... Very feeble record.

...... shewt chanyed af 1sb
' 18m bofore eand of

05 =t e et bt

ares

1 O P, iP.....i21
PR...|21
8. -
SR....] 21 5515 .
L..... 22 01 40 | F in microseisms.
i
72100].. ! Record feeble, phases
80000 |.. i indistinet.
25 feeennnan Cm..n-- 18 2% 00
Sg?...1 1534 45 )
[ le....{ 1R 4000 ;
F..... 192000 ...
30 |ooeeennn P.....
: 8R.
L.....
F.....

SEISMOLOGICAL DISPATCHES!.'

Kobe, Jupan, Decembher 1, 1916,

Damage caused by the earthquake of Sunday, November 25, which
was briefly reporied by cable, was considerably greater than was first
indicated. Tt was the most severe in 5 vears. Some of the Japanese
earthquake experts believe the disturbance was Jdue to the subsidence
of subterranean fissures helow the sea bottom. off the city of Kobe.
(Aesoc. Press

San Salvador, Republic of Saleador, December 20, 1916,
A volcanic explogion ncar the small village of Lower Verapaz,
Guatemala, has caused the death of 15 persons.  (Assoc. Press.)

Unionville, Nev., December 19, 1916,
Slight earth shocks were felt here on December 17th, 6:45 a. m. and
on December 18th, 9 p. m., Parific time. (Local observer.)

Redding, Cual., December 25, 19184,
Lassen Peak was in eruption to-ay, emitting a great pillar of amoke.
(Assuc. Press.)

Redding, Cal., December 28, 1916

Two great pillars of smoke and steam poured from lassen Peak
to-day, rising almost vertically {rom the main crater and reaching an
estimated height. of 2.000 [eel. The other smoke streamer from a
smaller vent was abou: half as hizh. (Assoc. Press.)

! Reported by the organization indicated and collected by the seismologics! station
at Georgetown University. Washington, D. C.
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EARTHQUAKi!S FELT IN THE UNITED STATES DURING 1918.
By W.J. HuMrrRrEYS, Professur in Charge.
[Dated: Weather Burea:, Washington, D. ., Feb. 3, 1917,

During 1916, 131 earthquakes strong enough to be felt
were reported from different parts of the continental
United States, as listed in the accompanying Table 1 and
graphically represented (a dot for each report) on chart
XI ut the end of this issue of the REviEw.

On February 21, a quake of intensity VI (Rossi-Forel),
occurred near Asheville, N. C., that was reported from
seven States. For further details see this REviEw
March, 1916, 44; 154; also Taber in the Bulletin of the
Seismological Society of America, v. 6, p. 218.

On May 12 a quake of intensity VII, occurred near
Boise, 1daho.

On October 18 a quake of intensity VII, occurred near
Birmingham, Ala., that was reported from eight States.
This is discussed in some detall by Finch and Hopkins
in this issue of the REVIEW, p. 690-693.

None of these, however, did much damage; merely
shook down some plaster, toppled over a few chimneys,
and the like.

A few quakes of moderate intensities, V-VI, occurred
in California, but none of them did any appreciable
damage. A discussion by A. H. Palmer of the California
earthquakes will appear in an early number of the Bul-
letin of the Seismological Society of America.

TABLE 1.-—Places in the United States reporting earthquakes during 1916.

{Consult also Chart XI (xu1v-153).]

1 i f
| ap | ap |y ! Ap- | Ap-
| proxt | mroxt | Sar prost: | prost | bora
o H : o ;
Place. lati- | longl- | quakes ; Place. latl- | longi quakes
ude tude | ' ¢ tude tude
(morth| (west). | ported. I(vorth).| (west). | Ported-
1 I
] Tt I
ALABAMA, | ; ARIZONA. !
L o ’ : H o ’ e 7
Anniston....... 3339 8550 2 | Clifton.......... 189304 | 109 17 1
ATg0....ccvennns 3342, 8 31 - 2 |; Holbrook. 34 54 1 110 08 1
Ashvilia. 22 3350 | 8614 1 {| Nogales.... 31 20 | 110 52 1
Athens..........] 3450 8659 1) Pinedale. .j 3419|110 15 1
Auburn.........] 3234, 8281 1} Pinto...... | 3505 | 109 38 1
Benton......... 32191 8647° 1 |{i Shumway. i 3426 | 110 04 1
Bessemer....... 33 25 i 86 58 1 {i Snowilake. 134331 110 04 1
Birmingham 3332, 8650 3 | 5t. Michael 35 38 | 10905 1
Bridgeport 3457 8 41 1 |: Thatcher.. 3250 | 109 47 1
Calera.... 3303, 8645 1
Camden. 3200 8716 1 CALIFORNTA.
Camp Hill...20} 3246 5537 1y t
Clanton......... 32491 85239 1liArrowhead 1
Cordova........ 24| KT8 [ i 34 15! 117 16 1
Dadeville....... 3248 8544 . 1 3327 11822 1
Decatur......... 34 3, ST0n. 1 3522 ; 119 00 2
Easonville...... 33321 16| 1 32 43 | 116 48 1
Eufaula......... 3152 8506 1 3453111712 1
Florence........ 24 {8 | 87 40: i 33 65 | 117 00 4
Fort Deposit. 31 59| 8636 ! 1 3721|118 22 1
Gadsden. 3359 %500 2 3259 {115 40 2
3102 &5 50 1 3 3818|119 18 1
3304 8 03 1 |i Cahuilla.. 33 32| 116 43 5
3422 8818 ! 1 li Calexico.. .. 3240115 28 7
3407 8758 ! 1 || Camp Baldy....| 34 15| 117 40 1
3333 | 88 42 1 |- Claremont...... 34 07 § 117 44 L]
. 3346 8803 2 || Coachella....... 33 40 | 116 10 1
Madison... 34 411 8513 1 l 1
Maple Grove_._.| 3108 ! 85 49! i 1
Mentone........ 3432 8533 | til 1
Montgomery....; 3223 86 18 1 1
Moulton v I 1
Oneonta.. i 3
Opelika. i 2
Ozark. L | ¥ 1
St. Berna i 1
Scottsborn 1 2
Selma... 1 4
Tallade; 1 1
Valley 2 1
ernon......... 1 2
Wedowee 1 F]




